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ABSTRACT. Chan DK, Lonsdale C, Ho PY, Yung PS,
han KM. Patient motivation and adherence to postsurgery
ehabilitation exercise recommendations: the influence of phys-
otherapists’ autonomy-supportive behaviors. Arch Phys Med
ehabil 2009;90:1977-82.
Objective: To investigate the impact of physiotherapists’
utonomy-supportive behaviors on patients’ motivation and
ehabilitation adherence after anterior cruciate ligament (ACL)
econstruction surgery.
Design: Retrospective study.
Setting: Outpatient orthopedic clinic of a university medical
enter.
Participants: Postsurgery ACL reconstruction patients
N115; minimum postsurgery interval, 6mo; mean  SD
ostsurgery interval, 1.770.8y).
Interventions: Not applicable.
Main Outcome Measures: Questionnaires measuring au-
onomy support from physiotherapists (Health Care Climate
uestionnaire), treatment motivation (Treatment Self-Regula-
ion Questionnaire), and rehabilitation adherence (adapted
rom the Sport Injury Rehabilitation Adherence Scale and the
atient Self-Report Scales of Their Home-Based Rehabilitation
dherence).
Results: Structural equation modeling analyses revealed that
atients’ treatment motivation mediated the relationship be-
ween physiotherapists’ autonomy-supportive behaviors and
ehabilitation adherence. Autonomy-supportive behavior posi-
ively predicted autonomous treatment motivation (.22,
.05). Rehabilitation adherence (R2.28) was predicted pos-
tively by autonomous motivation (.64, P.05) and nega-
ively predicted by controlled motivation (.28, P.05).
Conclusions: These preliminary findings are promising and
rovide an empirical basis for further research to test the
fficacy of autonomy support training designed to increase
atients’ rehabilitation adherence.
Key Words: Anterior cruciate ligament; Motivation;
ehabilitation.
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doi:10.1016/j.apmr.2009.05.024NTERIOR CRUCIATE LIGAMENT ruptures are among
the most common severe sport injuries that require a long
eriod of rehabilitation.1 To fully recover, patients need to
ndergo ACL reconstruction surgery, which is typically fol-
owed by a 6- to 12-month rehabilitation period.2,3 Patients’
ompliance during this long period of rehabilitation may be
roblematic,4,5 with motivation representing one of the critical
actors that impacts their adherence to prescribed treatment
rotocols.6-12 In this study, we used SDT13 as a framework
rom which to investigate the impact of physiotherapists’ be-
avior on patients’ treatment motivation and rehabilitation
dherence after surgery to repair a ruptured ACL.
Understanding the dynamics of treatment motivation is an
mportant goal for those who seek to enhance patients’ adher-
nce11 and subsequent recovery from musculoskeletal inju-
ies.14,15 Motivation of sports-injured patients16-20 to undertake
ehabilitation has been found to be positively associated with
ttendance at rehabilitation sessions, completion of prescribed
reatment protocols, self-rated adherence, and self-reported
ome exercise completion. However, Ryan et al11 argued that
ll forms of motivation to undergo rehabilitation do not nec-
ssarily facilitate treatment persistence. Indeed, they argued
hat the sources of motivation mattered, and introduced SDT to
xplain the motivational dynamics surrounding patient adher-
nce to recommended treatment.
SDT13,21 is a contemporary psychologic theory which pro-
oses that one’s behavior can be motivated by internal and
xternal reasons. These reasons, also known as behavioral
egulations, differ in terms of the level of autonomy experi-
nced by the person and can be ordered on a continuum of
elf-determination (fig 1). At the most autonomous pole of the
ontinuum, behaviors are regulated by intrinsic motivation
here actions are performed because of interest, enjoyment, or
oth, regardless of the instrumental value of the behaviors. In
ine with traditional theories,13 SDT also describes behaviors
hat are underpinned by extrinsic motivation, whereby persons
ngage in activities in order to obtain a separable outcome,
ather than for the inherent enjoyment or pleasure of the activ-
ties. In contrast to many theories,13 SDT proposes that extrin-
ic motivation can be divided into 4 categories, 2 of which are
nderpinned by controlled motivation (external and introjected
List of Abbreviations
ACL anterior cruciate ligament
CFI comparative fit index
HCCQ Health Care Climate Questionnaire
RMSEA root mean squared error of approximation
SDT self-determination theory
SEM structural equation modeling
SRMR standardized root mean square residual
TLI Tucker-Lewis index
TSRQ Treatment Self-Regulation Questionnaire
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A
egulation) and 2 of which are related to autonomous motiva-
ion (identified and integrated regulation).
External regulation is the most controlled form of extrinsic
otivation and exists when the behavioral goals are to satisfy
n external contingency (eg, avoid punishment or obtain re-
ards). Introjected regulation is still a controlling form of
egulation but is somewhat more autonomous than external
egulation. Whereas external regulation refers to motivation
rought about by external pressures, introjected regulation in-
olves pressure from within the individual; for example, be-
aviors performed in order to avoid feelings of guilt or to
nhance self-worth.
Identified regulation is more autonomous than introjected
egulation and refers to a person performing an action because
e or she values the benefits that will be derived. Integrated
egulation is the most autonomous form of extrinsic motivation
nd exists when one’s goals are in line with one’s core values
nd sense of self.
To summarize, controlled motivation refers to behaviors that
re the result of external or internal pressure. In contrast,
utonomous motivational types include intrinsic motivation
nd extrinsic motivation that is underpinned by a desire to
btain benefits that are highly valued. In the health care con-
ext, patients who have adopted controlled motivation will
articipate in treatment because of an external force (eg, “I’ll
et into trouble if I don’t”) or an internal conflict (eg, “I’ll feel
ad about myself if I don’t”).11 In contrast, patients with
utonomous motivation will identify the goals of treatment (eg,
it’s in my best interests to complete treatment”) and feel
Fig 1. The self-detompetent concerning the outcomes of the rehabilitation pro- s
rch Phys Med Rehabil Vol 90, December 2009ess (eg, “I feel like it’s the best way to help myself”).11 These
forms of treatment motivation, controlled versus autono-
ous, have been differentially related to the adherence of
atients who undertake treatments in a variety of medical
ontexts.
Autonomous motivation towards treatment has been posi-
ively associated with adherence to medical regimens among
eople with chronic illnesses,8,9 attendance/involvement in an
ddiction treatment program,6,10,11 and long-term maintenance
f weight loss among morbidly obese patients.7 In contrast,
ontrolled treatment motivation has either minimal or negative
ffects on adherence.7,8,10,22
Apart from motivation, social influence is another factor that
as been suggested to influence adherence to treatment. Previ-
us studies found that the degree to which a patient is satisfied
ith the support and help received from others was associated
ith physiotherapists’ ratings of adherence, treatment protocol
ompletion, and attendance at rehabilitation sessions.16,18,20
DT also suggests that social contextual factors will influence
otivation and resultant behavior. According to SDT, an au-
onomy-supportive environment, where individuals perceive
hat they have been provided with opportunities for choice and
ptions, respect and acknowledgment of their opinions and
eelings, and meaningful rationale behind recommendations,
ill result in greater autonomous motivation and less con-
rolled motivation.13,21,23
Health care practitioners’ autonomy-supportive behaviors
ave been positively correlated with adherence to prescribed
edical regimens.8,9 Furthermore, evidence from intervention





















































































































1979PATIENTS’ ADHERENCE TO POSTSURGERY EXERCISE RECOMMENDATIONS, Chanupportive persuasions from physicians to quit smoking (eg,
smoking is a matter of choice, but there are important health-
elated reasons for refraining”) have increased abstinence from
moking than those who receive a controlling style of persua-
ion (eg, “you should refrain from smoking to prevent horrible
iseases”).6,10,12 Also, autonomous motivation serves as the
ediator for the relationship between autonomous support and
reatment compliance.8-10 However, there is limited evidence
egarding the psychosocial factors that may influence other
ypes of patients’ motivation and adherence to recommended
reatment. For example, little is known about orthopedic sur-
ery patients’ motivation and adherence to rehabilitation pro-
rams prescribed by their health professionals.
Based on the tenets of SDT, we hypothesized that patients’
erceptions of their physiotherapists’ autonomy-supportive be-
aviors and patients’ autonomous motivation to complete their
ehabilitation would be positively associated with a greater
dherence to home-based rehabilitation exercise. Controlled
otivation was expected to show a negative relationship with
dherence. In line with SDT tenets,9,13,23 we further hypothe-
ized that patients’ motivation would mediate the relationship
etween their physiotherapists’ autonomy-supportive behav-
ors and patients’ adherence.
METHODS
articipants and Procedures
All 246 patients who underwent ACL reconstructions in a
orthern district Hong Kong hospital between 2005 to 2008
ere invited to participate in the study. After receiving full
etails of the study, 115 patients (46.75% response rate) agreed
o participate. The participants were 94 males (mean age  SD,
7.053.99y) and 21 females (mean age  SD, 23.384.01y)
ho underwent ACL reconstruction at least 6 months before
he study (range, .50–3.0y; mean interval  SD, 1.77.80y).
he study was approved by a university research ethics board,
nd participants gave informed consent by indicating they fully
nderstood the voluntary nature of their participation, their
ight to withdraw from the study, and the confidentiality of the
ata. Participants completed questionnaires regarding their re-
abilitation experience without the presence of any medical
taff. Before their ACL rupture, all participants had been in-
olved in sports, including soccer (54.4%), basketball (28.1%),
nd others (17.5%), for a mean  SD of 8.486.91 years.
articipants ruptured their ACL during training or competition
n their sport and had no history of knee injury before this
ncident.
easures
The HCCQ,7 a 15-item instrument, measured the degree to
hich patients perceived their physiotherapist was autonomy
upportive. The 13-item TSRQ7 measured participants’ auton-
mous and controlled motives to continue their rehabilitation
rogram in the first 6 months after their surgery. The HCCQ
nd TSRQ were initially developed to measure the perceived
utonomy support and treatment motivation of obese patients,7
nd were shown to be reliable and valid across a variety of
ealth care contexts.6,8-10,24 In both questionnaires, participants
esponded using 7-point Likert scales ranging from “strongly
isagree” (1) to “strongly agree” (7).
Finally, to assess patients’ self-reported rehabilitation adher-
nce we considered items from the Sport Injury Rehabilitation
dherence Scale.25 This questionnaire was designed to mea-
ure physiotherapists’ perceptions of their patients’ rehabilita-
ion adherence. As a result, not all of the items were appropri- pte for a scale designed to measure patient perceptions, as was
eeded in the current study. We also considered items from the
atient Self-Report Scales of Their Home-Based Rehabilitation
dherence.26 This scale is a patient self-report measure, but
ome of the items referred to rehabilitation protocols that
ere not relevant to ACL reconstruction patients throughout
he 6-month postsurgery interval (eg, the application of ice).
e concluded that 3 concepts from the 2 questionnaires were
elevant to ACL reconstruction patients: (1) rehabilitation com-
letion, (2) rehabilitation effort, and (3) avoidance of specific
ctivities. We then adapted items from the 2 questionnaires and
ncluded them in the survey. These items were “carry out
ehabilitation exercise recommended by your physiothera-
ists,” using a Likert scale ranging from “complete none” (1) to
complete all” (7); “make an effort to do the rehabilitation
xercises recommended by your physiotherapist,” with a Likert
cale ranging from “minimum effort” (1) to “maximum effort”
7); and “refrain from undertaking the sporting and daily ac-
ivities that your physiotherapists advised not to do,” with
avoid none” (1) and “avoid all” (7) as anchors. Patients were
sked to recall their behaviors in the first 6 months after their
urgery. Possibly because of the negative wording of the item,
ow interitem correlation (r.02–.09) was found in relation to
he scores from the third item. As a result, we removed this
tem from subsequent analyses.
Participants were asked to respond according to their expe-
iences during the first 6 months after their surgery. Clear
nstructions (ie, “in the first 6 months after the surgery,”) were
ncluded to facilitate accurate recalls. Also, participants were
dvised to close their eyes and recall their rehabilitation expe-
iences before they completed the questionnaire.
hinese Translation
The English items were translated into Chinese (the partic-
pants’ native language) by a pair of bilingual individuals.
hese items were then back-translated into English by a sep-
rate bilingual pair. Both pairs then met with a third pair to
esolve any discrepancies and finalize the translation. The
ranslated questionnaire was then pilot tested and deemed com-
rehensible by 10 ACL reconstruction patients.
nalysis
After replacing the missing data (3% missing) using an
xpectation maximization algorithm, we used confirmatory
actor analysis to test the measurement models for the HCCQ
nd TSRQ, and examined the descriptive statistics associated
ith each variable. We then used SEM to test the hypothesis
hat treatment motivation would mediate the relationship be-
ween autonomy support and rehabilitation adherence. Because
f the limited sample size in this study, we used item parceling
o reduce the number of parameters in the SEM models. Item
cores for autonomy support, controlled treatment motivation,
nd autonomous treatment motivation were parceled into 5, 4,
nd 3 indicators, respectively. These indicators were entered
nto the model to estimate the associated latent factors. The
dherence latent factor was formed using the observed scores
rom the 2 items described in the Methods section. To examine
he fit of the data to the hypothesized model, we followed
onvention and examined a range of indexes.27 We used
MSEA and SRMR as 2 absolute fit indices, and TLI and CFI
s 2 incremental fit indices. TLI and CFI scores of .90 or
igher, as well as SRMR and RMSEA scores of .08 or less, are
ypically considered adequate, while RMSEA scores between
08 and .10 represent marginal fit. Hu and Bentler27 have
roposed more stringent cutoff criteria (eg, TLI and CFI, .95;
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A
MSEA, .06; SRMR, .08). We considered these criteria as
vidence of very good fit.
Mediation analysis28 was used by first testing a direct effect
odel, then a mediation model, and last a combined effects
odel (fig 2). In the direct effect model, autonomy support was
he only variable specified to predict adherence. In the media-
ion model, autonomous and controlled treatment motivation
erved as mediators of the relationship between autonomy
upport and adherence. In the combined effects model, auton-
my support was added as a direct predictor of adherence on
op of the mediation model. Mediation would be shown by (1)
he presence of a significant autonomy support ¡ adherence
ath (path E in fig 2) in the direct effect model, (2) acceptable
t in the mediation model, (3) no significant improvement in fit
n the combined effects model relative to the mediation model
P.05), and (4) a significant reduction in the strength of the
utonomy support ¡ adherence path (path E in fig 2) in the
ombined effects model. If complete mediation were present,




After reverse coding item 13 of the HCCQ, all the item
cores on each scale were summed before examining the de-
criptive statistics. Mean  SD scores for physiotherapists’
utonomy support (5.391.12; range, 1.40–7.00), autonomous
reatment motivation (5.361.04; range, 1.80–7.00), and ad-
erence (5.501.16; range, 2.50–7.00) were above the scale
idpoint. Controlled motivation mean  SD scores were
omewhat lower (3.521.22; range, 1.00–6.50). All variables
n the study showed an acceptable level of variance, thereby
nsuring that relationships between variables in subsequent
nalyses would not be artificially deflated. Alpha values for the
CCQ and TSRQ scales ranged from .73 to .95. The correla-
ig 2. Self-determination model for rehabilitation adherence after A
hown; *P<.05. The additional vector (E) with a dotted line was onion between the 2 adherence items was 0.8. These results t
rch Phys Med Rehabil Vol 90, December 2009uggested that the questionnaires produced internally consis-
ent scores.
There were no multivariate outliers (P.001) and no evi-
ence of univariate or multivariate nonnormality (Mardia’s
ormalized kurtosis coefficient, 4.83). As a result, we used
aximum likelihood estimation for all SEM analyses. Despite
he small sample size, most fit indexes from the preliminary
onfirmatory factor analyses supported the factorial validity of
he HCCQ and TSRQ (see table 1 for details). There was a
egree of misfit (eg, RMSEA.08) for both scales; however,
here was not enough evidence to warrant respecification of
hese measurement models. Further investigation, with larger
amples, is needed to provide more conclusive evidence con-
erning the validity of these measures in orthopedic surgery
atients. After considering the largely supportive factorial va-
idity evidence and the strong reliability coefficients, we
eemed the psychometric properties of the 3 questionnaires in
his study sufficient to continue with the main analysis.
ain Analysis
Overall, both the mediation and combined effects models
howed generally acceptable fit. In both models, the RMSEA
ndicated that the fit was only marginally acceptable; however,
vidence from the other 3 fit indexes (CFI, TLI, SRMR)
uggested that the model fit adequately. Complete details re-
arding the SEM analyses can be seen in table 1. In the direct
ffect model, autonomy support was found to predict adher-
nce (.26, P.05), and thus the first criterion for mediation
as fulfilled. The mediation model showed generally accept-
ble fit to the data and accounted for substantial variance in
dherence (R2.28). Rehabilitation adherence was predicted
ositively by autonomous treatment motivation (.62, P.05),
nd negatively predicted by controlled treatment motivation
.26, P.05). Autonomous treatment motivation was as-
ociated positively with autonomy support (.22, P.05),
ut the relationship between autonomy support and controlled
econstruction. Only path estimates from the mediation model are




























































































1981PATIENTS’ ADHERENCE TO POSTSURGERY EXERCISE RECOMMENDATIONS, ChanAnalysis of the combined effects model showed a significant
ndirect effect of autonomy support on adherence (.16,
.05), which accounted for 82.20% of the total effect
.19, P.05). Also, the chi-square difference test showed
hat the combined effects model did not fit the data better than
he mediation model (P.05). Finally, the significant path from
utonomy support to adherence in the direct effect model was
educed to a nonsignificant value in the combined effects
odel. Taken together, these results indicated that autonomous
reatment motivation fully mediated the effect of physiothera-
ists’ autonomy-supportive behaviors on patients’ adherence.
DISCUSSION
In this study, we investigated the relationships between
hysiotherapists’ autonomy-supportive behaviors, patients’ treat-
ent motivation, and rehabilitation adherence. Consistent with
ur hypothesis, autonomy support from physiotherapists had a
ositive relationship with rehabilitation adherence, and this
ffect was mediated by patients’ treatment motivation. Auton-
mous motivation was positively related to adherence, while
ontrolled motivation was negatively correlated with adher-
nce.
Deci and Ryan13,21 suggested that long-term maintenance of
ehaviors depends on one’s acceptance of the values of the
ehavior, and behavior underpinned by controlled regulations
ill not be maintained. Consistent with previous studies in
ealth care context,7-9,11 our results suggested that the sources
f motivation may influence a patient’s compliance with treat-
ent recommendations. ACL reconstruction patients who
dopted higher autonomous motivation, as opposed to con-
rolled motivation, were more likely to report that they had
ompleted their home-based rehabilitation exercises. Treat-
ent motivations for undertaking rehabilitation protocol after
CL reconstruction in this study accounted for 28% of vari-
nce in compliance to treatment. These results are in line with
tudies of other health-related behaviors, such as weight main-
enance,7 smoking cessation,6,10 and diabetes glucose control,9
here motivation accounted for 25% to 43% of variance.
As noted, autonomous motivation appeared adaptive, and
ontrolled treatment motivation maladaptive, in relation to
dherence to postsurgery rehabilitation treatment. The next
ogical inquiry is therefore how health professionals can pro-
ote this adaptive, autonomous treatment motivation and pre-
ent the development of treatment-compromising controlled
otivation. In this study, physiotherapists’ autonomy-support-
ve behaviors were associated with autonomous treatment mo-
ivation, and autonomous treatment motivation was the medi-
tor for the positive association between autonomy support and
Table 1: Fit Statistics and Standardized Pa
Model 2 df TLI CFI SRMR
RMSEA
(90% CI)
Aut support (CFA) 259.54 90 .90 .91 .04 .13 (.11–.14)
Tx Motv (CFA) 47.54 26 .87 .96 .05 .09 (.04–.12)
Direct effect 181.86 75 .89 .91 .13 .11 (.09–.13)
Mediation 154.75 72 .91 .93 .08 .10 (.08–.12)
Combined effects 154.66 71 .91 .93 .08 .10 (.08–.12)
bbreviations: Adh, adherence; Aut, autonomy; CFA, confirmatory fa
A, not applicable; Tx, treatment.
Indicates that the standardized path coefficient was significantly datients’ treatment adherence. These findings were consistent eith previous SDT-based studies in health care settings,6-9 and
ther non–SDT-based investigations, suggesting that social
upport from medical care providers is an important factor that
nfluences treatment adherence.16,18,20,29
Our study provides initial evidence that ACL reconstruction
atients who believed their physiotherapist facilitated their
nderstanding of treatment, provided treatment options, and
xplained the rationale behind treatment were more likely to
eport autonomous motivation and greater adherence. How-
ver, we did not find the hypothesized significant negative
elationship between autonomy-supportive behavior and con-
rolled treatment motivation. It may be that the presence of
ontrolling practitioner behaviors, rather than the mere absence
f autonomy-supportive behaviors, is responsible for the de-
elopment of controlled treatment motivation. The measure of
hysiotherapists’ behavior that we used (HCCQ)7 did not in-
lude items to measure these types of behaviors, and thus
uture research is needed to determine the role of controlling
ractices (eg, coercive advice) on patient motivation.
imitations and Future Research Directions
There are clear methodological limitations associated with
his study. First, patients’ retrospective, self-reported recall of
heir experiences in the 6 months after their surgery was subject
o memory loss and various forms of bias (eg, social desirabil-
ty). Variation in participants’ recall precision may have intro-
uced error variance and reduced the strength of associations
etween the variables in this study. However, follow-up re-
ression analyses30 indicated that the postsurgery interval did
ot moderate any of the relationships in the mediation model
ie, cross-product interaction terms were not significantly dif-
erent from zero, P.20; contact the authors for full details).
s a result, this limitation did not appear to be a substantial
oncern in this study. Second, our sample contained only
thletes who had ruptured their ACL during sport training or
ompetition. Future studies could include patients recovering
rom injuries sustained during a wider variety of activities,
ncluding noncompetitive recreational pursuits and occupa-
ional activities. Moreover, the response rate in this study was
pproximately 50%. Although the rate was comparable to that
eported in previous studies of patients’ adherence to long-term
edical regimens,8,9 it is still possible that patients who were
illing to participate in this study had more positive rehabili-
ation experiences than those who chose not to participate. This
ampling bias is unlikely to have inflated the size of the
elationships we observed; rather the potential restriction of
ariation in scores would have reduced the strength of these
ssociations.9 However, we must be cautious concerning the
efficients for Structural Equation Models
t Support ¡ Tx
Motivation Tx Motivation ¡ Adh










NA NA NA NA NA
NA NA NA NA NA
NA NA NA .26* .07
* .09 .64* .28* NA .28
* .09 .63* .27* .03 .28
analysis; CI, confidence interval; Cont, controlled; Motv, motivation;









ctorxternal validity of our results and underscore the importance
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A
f future research employing a prospective design that could
elp ensure a higher response rate.
A prospective design involving an autonomy support inter-
ention would also help to overcome the third limitation to our
tudy; namely, the retrospective design, which limited our
bility to infer that autonomy support caused patients to adopt
utonomous motives and adhere to their rehabilitation pro-
rams. Randomized controlled trials involving training to en-
ance health care professionals’ autonomy-supportive behav-
ors have produced large increases in patient adherence and
mprovements in blindly assessed treatment outcomes in other
reas of health care.6,10,12 These types of studies within the
ontext of ACL reconstruction surgery would provide stronger
vidence concerning the impact of autonomy-supportive be-
aviors on patients’ treatment motivation and adherence. Im-
ortantly, this research should not only investigate the efficacy
f interventions designed to enhance physiotherapists’ auton-
my support, but should also examine the impact of training
ther medical practitioners (eg, surgeons) and patients’ signif-
cant others (eg, spouse or parents) to act in an autonomy-
upportive manner.16,30,31
CONCLUSIONS
The present study provides initial evidence that SDT13,21 can
elp to explain patients’ rehabilitation adherence after ACL
econstruction surgery. Our results suggest that autonomy sup-
ort from physiotherapists and autonomous treatment motiva-
ion are positive predictors, while controlled treatment motiva-
ion is a negative predictor of patients’ adherence to their
ostsurgery rehabilitation. These findings provide an empirical
asis to support future investigations of autonomy support
raining designed to increase patients’ postsurgery adherence to
rescribed rehabilitation exercises.
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